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The challenge of studying semileptonic B decays at LHCb

The challenge of studying semileptonic B decays at LHCb

Missing neutrinos = partial reconstruction

/) recoil

) m K
e At the ete™ B factories: 5 0
+ L

@ interacting ete™ energies known. @ e

@ hermetic detector = tag other B

B tag
@ access to missing mass variables Y

o At LHCb:
@ interacting parton energies unkown
@ B hadron fractions unkown

o forward acceptance

@ can access the B flight direction
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The |V,p| puzzle

The |V,p| puzzle

@ Longstanding discrepancy between
exclusive and inclusive [V .

® |Vup|/|Veb| constrains the length of
the unitarity triangle opposite the
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The |V,p| puzzle

‘Vub| from Ab% pﬂ,’?ﬂ decays

o Normalise Ap— pu~ 7, to Ap— Acpi™ 7, in the high ¢% (= mfw)
region where theory uncertainty is lowest:
N(Ap— pp~7y)
R Vun*/|Ve|?) = .
theory(’ ub’ /| cb| ) N(/lb N (Ac —)pKﬂ'),UJ_f‘u)
" B(Ac — pKm)

€rel

@ 2012 Dataset (~ 2fb~1)
o Relative efficiency €,o) = 3.52 £ 0.20 determined from simulation.
@ Branching fraction B(A. — pK7r) from Belle PRL 113, 042002 (2014)

flqméxvl . Ab‘ﬁ’# ) /| V, b‘2
Reheory = e /< = 1.471 + 0.095(stat) + 0.109(syst)
Gmax dr(Ay—~ 4cN Tu) /‘V |2d
7GeV2/ct dq? cb q

W. Detmold, C. Lehner and S. Meinel [Phys.Rev. D92 (2015) 3, 034503]
See next talk by Stefan Meinel.
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503

The |V,p| puzzle

Selection
= % T T T
S, gf LHCbsimulation 002
5 & 70F v bothsolutions P
@ Reconstruct g up to a 8 wf o onesolution L
. . = s50F v E
2-fold ambiguity. g wb T
@ Require both solutions B xE I E
2 8 10F E
> Qeyt- T, i A
0 5 10 15 20
q? [GeV/c)

@ Boosted decision tree removes backgrounds with additional charged
tracks that could vertex with pu candidate.
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The |V,p| puzzle

The corrected mass

@ Fit the corrected mass:
Mecorr = \/ Pi + M;%,u +pL

@ Determine its uncertainty.

@ Reject candidates if:
M.y, > 100 MeV/c?

[ T T ]

O14F | Heb simulation E

012 ; — b IO_W O rcorr ]

e Compare simulated signal and 01f PRGN O, E

. — Acwlowo, ]

background shapes for low and ~ 9%8F __ Anwhigho E

: 0.06} E

hlgh O—MCO'T : ;

. 0.04 =

o Truncation at m,, due to ¢° ook ]

cut. Tk : ]
4o 4000 5000

Corrected mass [MeV/c?]
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The |V,p| puzzle

Signal and normalisation fits

@18000 T T (\IA4O(X)_""I""I
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A% 4500 _ 5000 5500
Corrected pK 77" mass[MeV/c3

4000 _ 5000
Corrected pu~ mass[MeV/c?]
o N(Ap— pu~7v,) = 17687 £ 733 Nature Physics 11, 743-747 (2015)
o N(Ap — (Ac — pKT)u~v,) = 34255 £ 571.

e First observation of A, — pp~ v, decays:
B(Ap— pp7v,) = (4.14+1.0) x 1074,
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http://www.nature.com/nphys/journal/v11/n9/pdf/nphys3415.pdf

The |V,p| puzzle

The first | V| determination from a hadron collider

|Vip| = (3.27 + 0.15(exp) + 0.16(theory) + 0.06(|Vep|)) x 1073

T T
Inclusive
Exclusive - .
(B-Tiv)
IﬁHCb
(N ppv)

(using RBC/UKQCD config)

PDG
2014

PDG 2014

RBC/UKQCD
arXiv:1501.0537:

FNAL/MILC
arXiv:1503.07839

Detmold, Lehner, Meinel
arXiv:1503.01421
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N |

Nature Physics 11, 743-747 (2015)

Inclusive V|

LHCb [Vip|/ [Ven|

October 07, 2015

7 (CKM 2014)

B (HFAG 2014)
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http://www.nature.com/nphys/journal/v11/n9/pdf/nphys3415.pdf

Th

e R(D*) Anomaly

The R(D*) Anomaly

@ The Standard Model exhibits lepton universality.
@ electoweak couplings are equivalent for the three flavours.
@ amplitudes for processes with e, p, 7 identical up to effects
depending on lepton mass.

@ A violation of this is a clear sign of new physics.

@ The massive T gives sensistivity to a charged higgs contribution.

B B(EO — D*tr7 ;)

R(D*) = —= — 0.252+ 0.003
B(B"— D*tup~v,)
Belle 2007 ——— " T
BABAR 2008 e _ _ _
Belle 2009 - E— . w /H ,,4‘: Vr
Belle 2010 et e E) b z C (*)
BABAR 2012 feto— o B{ g % :§ g g }D
02~ 04 06 08 03 04 05 06
R(D) R(D")
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The R(D*) Anomaly

R(D*) selection

Signal (B°— D**77 ;) Normalisation (B®— D**1,~w,)

o Take 77 — u~v;0,.
@ Reconstruct D*T — 7+ (D% — K7 )

@ Boosted decision tree removes backgrounds with additional charged
tracks originating from the D*p vertex.
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The R(D*) Anomaly

Finding an approximate B rest frame

—_

boost

(pz’)B ~ %(F&’)D*u
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B~ D*"r 7w, B~ D" 'y m,
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The R(D*) Anomaly

(DI
E —— Data
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2 .
miss’

e BY— D**7~1, contribution most prominent at high g°.

@ Three dimensional fit to m g® and E,.

@ Control various backgrounds using control samples in data.
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The R(D*) Anomaly

The first R(D*) from a hadron collider

R(D*) = 0.336 == 0.027(stat) = 0.030(syst)

PRL 115, 111803 (2015)

Belle 05

PRD 82 (2010) 072005 = F T T T ]
657x10° BB fa) [ — BaBa, PRL109,101802(2012) AX?=10 ]
(Inclusive Tag) E:/ 0.45[F — Belle arXiv:1507.03233 -
E LHCb, arXiv:1506.08614 ]
PRD 88?23(;3123 072012 04: — Average ]
471x10° BB AE =
(Hadronic Tag) E 3
Balle 035 .
Presented at FPCP2015 c ]
772x10° BB C ]
(Hadronic Tag) 0.3= =
LHCb-PAPER-2015-025 | 0.25F = .
30fb! e o ict -
@2 uow) i o SM prediction P(X) = 55% 1

PP AN RIS | RN EFRFITITIN R A 0.2L I I I

0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 %,2 0.3 0.4 0.5 0.6
Standard Model R(D*) R(D)
Fajfer et al, PRD 85 (2012) 094025

e Combining results for R(D*) from Belle, BaBar and LHCb gives a
3.90 discrepancy with the Standard Model.
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803

Conclusion

Conclusion

LHCb has peformed two measurements using semileptonic decays which
were unexpected from a hadron collider:
o |Vyp| = (3.27 £0.23) x 107 3.
This measurement is 3.50 below the inclusive measurement but
agrees well with current exclusive average using B — 7/v decays.

e R(D*)=0.336 4+ 0.027(stat) 4 0.030(syst)
Together with measurements from the B factories this may be an

exciting hint of lepton flavour universality violation and hence new
physics.
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Backup Slides

Theory ratio

@ Use the latest Lattice QCD results for these decays to calculate:

dr(A
R b qf)m(ég}xe\/Q/c4 b—>P# Zu) /| V |2dq
ti eory - A A
f7qu<vz/c4 b*)dqzcu L) /|V5b‘2dq

A= pp v,

2 (Gev?) ¢ (GeV?)

Rtheory = 1.471 % 0.095(stat) 4= 0.106(syst)

W. Detmold, C. Lehner and S. Meinel [Phys.Rev. D92 (2015) 3, 034503]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503

Backup Slides

Systematic uncertainties for | V|

Source Relative uncertainty (%)
B(Ac — pKTr™) "
Trigger 3.2
Tracking 3.0
Ac selection efficiency 3.0
N* shapes 2.3
Ap lifetime 15
Isolation 1.4
Form factor 1.0
Ap production 0.5
q* migration 0.4
PID 0.2
Total e
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Background reconstruction for |V |

e Constrain background from Ap— A7, and A — D%pp~w,
decays by reconstructing AT — pK—nt, AT — pK? and

D° —» K—nt.
Csooof " ] G wf 3 ¢
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Brookhaven Forum 2015 Recent results on R(D*) and |V | October 07, 2015 14 / 14



Backup Slides

Can new physics explain the puzzle?

Lefr = —% VL (@7, PLb + eriivy, Prb)(#7*PLI) + h.c.
v \
°°C> (R T i
— B inclusive 7
x 7 B B v
) [ A,—pHv (LHCb) 1
_'>3 5] combined
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Fits to control samples for R(D*)

@ Invert boosted decision tree requirement to select control regions
enriched in particular backgrounds.

@ Samples selecting D*Tp =7~ and D**p~ 77" to control background
from B — D**pv:

g
)
g

(hco]

§ 1600F E v S
o Moop g & 10000f
3 1200b = K
i 1000F g g —— Data
8 soof § g 6000) I B - D'V
§ o 2 4000 I B - D*H(~ VX)X
400f © Il B - D*iv
o 2 B - D'
i o basasmmsanpanness i i
02 46 8 500 1000 1500 2000 2% L e e R Y] C(_)mblna.!.onal
e (G861 £S5 MeY) a2 (Gev7ic’) Misidentified p
% (hce] 3 1600F TR 5 rooof o
s ™ 1 2 oo EE
E 6000F
S o o i
i o g e < 4000k —— Data
£t 5 [ B - D
§ ol ° i B B — D*H(— VX)X
- o 8 anp EEEGB - D™V
“t 3 E B - D
o 500 2007 — Combinatorial
M GV £ MeV @ (Gevirch) Misidentified

Brookhaven Forum 2015 Recent results on R(D™*) and October 07, 2015



Backup Slides

Fits to control samples for R(D*)

o Sample selecting D*T i~ K™/~ to control background from
B — D*(H. — KlvX")X:

03Gevict)

—— Data
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Combinatorial
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Systematic uncertainties for R(D*)

Brookhaven Forum 2015

TABLE . Systematic uncertainties in the extraction of R(D*).

Model uncertainties Absolute size (x1072)
Simulated sample size 2.0
Misidentified y template shape 1.6

B® - D** (¢~ /u~)v form factors 0.6

B — D**H (- pvX')X shape corrections 0.5

B(B - D**t7i;)/B(B - D*u"1,) 0.5

B — D**(— D*zx)uv shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3

B — D**(— D*"z)u b, form factors 0.3

B — D**(D,; - )X fraction 0.1

Total model uncertainty 2.8
Normalization uncertainties Absolute size (x1072)
Simulated sample size 0.6
Hardware trigger efficiency 0.6

Particle identification efficiencies 0.3

Form factors 0.2

B(z™ = u ;) <0.1

Total normalization uncertainty 0.9

Total systematic uncertainty 30

PRL 115, 111803 (2015)
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